The aim of this study was to localize macrophages in the hen oviduct and determine the effects of age and gonadal steroids on their population. Cryostat sections of oviducal tissues from immature hens (60 d of age), virgin young (175 d of age), and old (620 d of age) laying hens, and immature hens (84 d of age) treated with gonadal steroids were immunostained for macrophages. The population of macrophages was analyzed by an image analysis system under a light microscope. Macrophages were observed in the stroma and mucosal epithelium of all oviducal segments of immature and laying hens. The population of macrophages in the oviducal stroma increased with age.
INTRODUCTION
Macrophages are the most differentiated cells of the mononuclear phagocyte system (Furth et al., 1972) . They are widely distributed throughout the body and represent the first line of body defense against infectious organisms (Klasing, 1998; Qureshi, 1998) . Macrophages play a crucial role in specific and nonspecific immune responses by acting as affector and effector cells in the body's defense (Powell, 1987; Unanue and Allen, 1987) .
The chicken oviduct consists of five distinct regions: the infundibulum, magnum, isthmus, shell gland, and vagina (Hodges, 1974) . In White Leghorn pullets, sperm were found in a phagocytic vesicle of macrophages located in the intercellular space of the mucosal epithelium of the oviducal infundibulum (Koyanagi and Nishiyama, 1981) . Also, macrophages were found in the semen of guinea fowl and a large number of spermatozoa were phagocytosed by them (Hess et al., 1986) . In domestic fowl, Nakai et al. (1989) observed that many macrophages in the lumen of the rete testis actively phagocytosed spermatozoa. Therefore, in addition to playing roles in body defense, macrophages may phagocytose spermatozoa to affect the sperm population in both male and female avian reproductive tract. Recently, we have localized immunocompetent cells, including MHC class II positive cells, T cells, B cells, and Ig-positive cells, in the chicken oviduct Zheng et al., 1997 Zheng et al., , 1998 ; however, the localization of macrophages in the chicken oviduct is not clear. The purpose of this study was to localize macrophages and determine the effects of age and gonadal steroids on their population in the chicken oviduct.
MATERIALS AND METHODS

Birds and Tissue Collection
White Leghorn hens 2 were maintained in wire-floored individual cages under a 14 h light:10 h dark photoperiod, and provided ad libitum access to water and a commercial grower or layer ration. 3 In Experiment 1, three groups of hens (n = 5 each) were used: immature hens (60 d of age), young (175 d of age), and old (620 d of age) hens, laying five eggs or more in a sequence. The laying hens were managed the same way as the immature birds when they were being raised, and never mated or artificially inseminated. They were used 6 h after oviposition, that is, when there was an egg in the shell gland. In Experiment 2, immature hens (84 d of age) were injected i.m. daily with 1 mg diethylstilbestrol (DES), 4 1 mg progesterone, 5 or 0.1 mL vehicle for 7 d (n = 5 in each group). The steroids were dissolved in sesame oil (vehicle) at a concentration of 10 mg/mL. All birds were killed by decapitation and a small piece of tissue (approximately 8 mm long) was cut from the middle part of the infundibulum, magnum, isthmus, shell gland, and vagina. The tissues were immediately embedded in OCT compound, 6 snap-frozen in a mixture of isopentane and solid carbon dioxide, and stored at -20 C until use.
Immunocytochemistry
Mouse monoclonal antibody to chicken macrophages, K1, was used for the primary antibody. This antibody was reported to recognize a cell surface antigen shared on chicken macrophages and thrombocytes (Kaspers et al., 1993) . A S-HRP staining kit (for the detection of mouse IgG + IgA + IgM) 7 was used to reveal the immunoreaction products of the primary antibody. Cryostat sections (8 mm thick) of oviducal tissues were air-dried on the slides pretreated with 2% (vol/vol) 3-aminopropyl triethoxysilane in acetone. Sections were fixed with acetone at 4 C for 10 min, and air-dried again. They were then rinsed with PBS for 5 min, treated with methanol for 15 min, and washed with PBS for 15 min (5 min each, three times). Sections were first incubated with 10% normal goat serum for 15 min, followed by an incubation with the primary antibody for 2 h. After washing with PBS (5 min each, three times), the S-HRP staining kit was applied according to the directions of the manufacturer. Briefly, the sections were incubated with biotinylated anti-mouse immunoglobulins (IgG + IgM + IgA) for 1 h, avidinperoxidase complex for 1 h, and then incubated with 0.02% (wt/vol) 3,3′-diaminobenzidine tetrahydrochloride and 0.005% (vol/vol) H 2 O 2 in 0.05 M Tris-HCl buffer, pH 7.6, to visualize the immunoreaction products. The sections were counterstained with hematoxylin, dehydrated, and covered. Control slides were identically prepared as described above, except that the primary antibody was replaced with normal mouse IgG. The control slides showed no positive staining. All steps were carried out at room temperature.
Observations and Analysis of Data
Sections were examined under a light microscope. The population of macrophages was analyzed by an image analysis computer system, MacAspect. 8 As described previously (Barua et al., 1998) , K1 positive cells in the blood vessels, which might include thrombocytes, were omitted from the observation in order to count only macrophages. Two different areas (approximately 5,000 to 15,000 mm 2 each) in the mucosal epithelium and the stroma (within 50 mm from the boundary of the mucosal epithelium) were examined in each oviducal segment of a bird. The value was calculated to be the cell number in 10,000 mm 2 area. The average of the two counts was used as the cell number in the mucosal epithelium or the stroma of one tissue of a bird. The differences among treatments or oviducal segments were examined by one-way ANOVA followed by Duncan's multiple t test. A probability of P < 0.05 was considered to be significant.
RESULTS AND DISCUSSION
In Experiment 1, age-related changes in the population of macrophages in the chicken oviduct were examined. The oviducal mucosa consisted of the stroma and the mucosal epithelium. The mucosal folds were well developed in the young and old laying hens, but not in the immature hens. Tubular glands were observed in the stroma of the magnum, isthmus, and shell gland in the young and old laying hens as described by Hodges (1974) . Macrophages recognized by K1 were located in the mucosal epithelium and stroma of all oviducal segments in immature and laying hens ( Figure  1, a to c) . The population of macrophages in the mucosal epithelium and the stroma is presented in Figure 2 . In the mucosal epithelium, the population of macrophages in the isthmus was significantly higher in old laying hens than in immature hens, whereas in the other segments the differences among the birds of different ages were not significant. In the stroma, the population of macrophages increased in association with age in all oviducal segments. Young laying hens had a significantly higher population of macrophages in the vagina than immature hens. Old laying hens had a significantly higher population of macrophages than immature hens in the infundibulum, magnum, and vagina, and a higher population than young laying hens in the magnum. Differences in the population of macrophages in the stroma were also observed among oviducal segments. In immature hens, there was a significantly higher population of macrophages in the vagina than in the magnum. In young laying hens, the vagina had a significantly higher population than the infundibulum and magnum.
These results indicate that the infiltration of macrophages into the oviducal stroma may increase during sexual maturation. A further increase of the macrophage population occurs in the oviducal stroma with age in laying hens. This change might be associated with a long-term exposure of oviduct of laying hens to foreign agents. On the other hand, significant age-related changes in the population of macrophages in the mucosal epithelium were not observed in this study. Changes in the macrophage population in the mucosal epithelium may not correspond to changes in the stroma.
In Experiment 2, effects of gonadal steroids on the population of macrophages were detected. The weight of the oviduct was significantly increased by the treatment with DES, but not by progesterone (Table 1) . The oviducal structure of the progesterone-treated immature hens was the same as that of the control hens, namely, the mucosal folds were small and no tubular glands were observed. Treatment with DES also stimulated the development of secondary mucosal folds in all segments and the formation of tubular glands in the magnum, isthmus, and shell gland. Macrophages were FIGURE 2. Population of macrophages in a) the mucosal epithelium and b) the stroma of the oviduct of immature, young and old laying hens. Each bar represents the mean ± SEM of the number of macrophages in 10 4 mm 2 (n = 5 birds in each bar). In the same oviducal segment, bars with different superscripts (m,n) indicate that the difference between birds of different ages is significant (P < 0.05). Within the same bird type, bars with different grouped superscripts (a,b for immature birds, u,v for young laying hens) differ significantly (P < 0.05). In = infundibulum; Ma = magnum; Is = isthmus; Sg = shell gland; Va = vagina. observed in all oviducal segments of immature hens whether or not they were treated with gonadal steroids (Figure 1, d to f) . The population of macrophages in the mucosal epithelium and stroma is presented in Figure 3 . In the mucosal epithelium, no significant difference was observed among the treatments or oviducal segments. Injection of immature birds with progesterone tended to increase the macrophage population in the oviduct, although only the increase in the stroma of shell gland was significant.
These results indicate that progesterone may play a role in part to induce the infiltration of macrophages into the oviducal stroma. Recently, we observed that injection of immature birds with DES significantly increased MHC class II positive cell population in the chicken oviduct (Zheng et al., 1998) . Although macrophages contain MHC class II molecules, the increase of MHC class II positive cell population by DES may be due to the changes not only in macrophage population but also in the population of other antigen presenting cells. It has been reported that B cells, stimulated T cells (Vainio et al., 1987) , endothelial cells (Kariuki and Dangler, 1995) , and fibroblasts (Kao et al., 1996) express MHC class II molecules.
Macrophages present in the oviduct may play an important role in the local immunity to foreign agents, because macrophages are active effector cells in the body's defense against foreign cells and microorganisms (Kende, 1982; Klasing, 1998) . They phagocytose foreign agents and present antigens to activate T and B cells (Powell, 1987) . The fact that the contamination rate of egg contents with pathogenic agents in the oviduct is fairly low, although the vagina opens to the cloaca, is possibly due to the local immunity in the oviduct (Shivaprasad et al., 1990; Poppe et al., 1992 ).
In conclusion, macrophages are located in the mucosal epithelium and stroma of the oviduct. It is suggested that their population in the stroma increases in association with sexual maturation and aging, and progesterone may play a partial role to induce the infiltration of macrophages into the oviducal stroma.
